The influence of (0.90-x) Bi2O3-xB2O3-0.10 (Ta2O5-Nb2O5) on the corrosion behavior of mild steel in 1M hydrochloric acid was studied. Electrochemical polarization and impedance spectroscopic methods measurements were used. The inhibition efficiency increases with S1 concentration to reach 79% at 150 ppm. Polarization curves show that our inhibitors. S1 is a cathodic inhibitor type. The increase in temperature leads to a decrease in the inhibition efficiency of the used inhibitor. The thermodynamic study showed that the film was formed at the steel surface by physisorption in the presence of inhibitor. Moreover, in this study, the results showed that the inhibition efficiencies depend on the B2O3 and Bi2O3 content in the glass. it is observed that the value at 50% of B2O3 in the glass provided better protection than the other content.
Introduction
The corrosion results from chemical or electrochemical action of an environment on the metals and alloys. The consequences are significant in various fields and in particular in the industry: production stoppage, replacement of corroded parts, accidents and risks of pollution are frequent events with sometimes substantial economic consequences 1 .
In terms of protection, corrosion inhibitors are a necessary means of protection against metal corrosion. An inhibitor is a chemical compound that is added in a small concentration to the medium to minimize the corrosion rate of the materials [2] [3] [4] [5] [6] [7] [8] .
The use of corrosion inhibitors is the best economical method to minimize mild steel corrosion. Heterocyclic compounds containing heteroatoms such as N, S and Oxygen present a suitable inhibitor to stop la corrosion for mild steel in various acid medium, and many publications use these compounds [9] [10] [11] [12] .
For many industries that do the treatment of cooling, water circuits use different formulations to protect the pipes against corrosion. The majority of inhibitors used in these mediums are inorganic compounds [13] [14] [15] [16] .
The objective of this study is to investigate the influence of inhibitor (glass) addition on the corrosion of mild steel in acidic medium 1.0 M HCl.
Experimental

Synthesis of the vitreous phases of the system Bi2O3-B2O3-(Ta2O5-Nb2O5)
The vitreous phases of the system Bi2O3-B2O3-(Ta2O5-Nb2O5) are obtained by fusion of the stoichiometric mixtures of the starting products according to the reaction pathway: (1-x-y)Bi2O3+xB2O3+y/2Ta2O5 + y/2Nb2O5 (1-xy) Bi2O3+xB2O3+ y/2Ta2O5 + y/2Nb2O5. The reagents carefully are crushed in an agate mortar then introduced into alumina crucibles. First heat treatment was carried out at 350°C during one night followed by crushing; the temperature was increased by 50 °C in order to avoid the chemical losses by volatilization; followed by melting at 950°C.
The reactional mixture is then brought up to a higher temperature at the melting point. The molten mixture is then soaked with the free air in a mould out of alumina heated beforehand with approximately 200°C.
The band between 1190-1240 cm -1 is allotted to the vibration of the final groupings B-O-in units pyroborates [17] [18] [19] .
On the other hand, the line around 1270-1310 cm -1 is allotted to the asymmetrical mode of elongation B-O in the unit's orthoborate (BO3).
The progressive addition of B2O3 causes an increase in the intensity of the bands located towards 420-490, 500-540,600-690 cm -1 and the reduction in the intensity of the band around 1190-1240 cm -1 . The wide strip located around 980-1000 cm -1 is dominant.
Reduction in the intensity of line around 1190-1240 cm -1 assigned with the units pyroborates compared to that located towards 600 -690 cm -1 relative with the métaborates are explained by the conversion of the units pyroborates into units métaborates.
However, the reduction in the intensity of the band allotted to the pyroborates compared to the full strip towards980-1000 cm -1 seems related to the conversion of the pyroborates into entities diborate.
This transformation is probably related to the increase in the rate of boron atoms in co-ordination number IV.
The band between 640-650 cm -1 corresponds to the vibration of connection Ta-O, and the band  870 cm -1 is allotted to the vibration of the connection  Ta-O-Ta 20 . In general, the band from 600 to 950 cm -1 of Nb-O vibrations of elongation can be observed 21 . The close band IR 920 cm -1 is allotted to the mode of stretching of connections Nb-O while strongest nearly 620 cm -1 was allotted to the stretching of more than bridging connections Nb-O-Nb deformed in NbO6 octahedral 22 . In particular, in the area from 500 to 700 cm -1 area of vibrations of the valence of Ta-O-Nb.
Studies of glasses of compositions (0.90-x)
Bi2O3-x B2O3-0.10 (Ta2O5-Nb2O5) Table 1 gives the molar fractions corresponds to the compositions (0.90-x) Bi2O3-xB2O3 0.10(Ta2O5-Nb2O5). Figure 1 represents the infrared spectra of these compositions. The frequencies and their attributions are consigned in Table 2 .
Table1. Composition of the samples prepared within the system (0.90-x) Bi2O3-xB2O3-0.10 (Ta2O5-Nb2O5). The analysis of the infra-red spectra of glasses of composition (0.90-x) Bi2O3-x B2O3-0.1(Ta2O5Nb2O5) shows that the substitution of bismuth by boron involves an increase in the intensities of the bands assigned with the units méthaborates B-O-Bi and Bi-O Bi. We also observe the disappearance of the inversion of ʋas (BO) inBO3. We also notice a disappearance of the groupings orthoborates BO3. This can be explained by the conversion of the units orthoborates into unit métaborates.
The increase in the content of Ta2O5 and Nb2O5 in the system Bi2O3-B2O3-(Ta2O5-Nb2O5) involves -A disappearance of the band corresponding to the groupings orthoborates BO3.
-A disappearance of the inversion of ʋas (BO) in BO3. 
Electrochemical measurements
Before each experiment, the mild steel ((wt.%) C = 0.21, Mn = 0.05, Si = 0.38, S = 0.05, P = 0.09, Al = 0.01 and the remaining iron) was polished using emery paper until 1200 grade. After this, it was decreased with ethanol, rinsed with distilled water and finally dried at room temperature. The aggressive solution (1 M HCl) was prepared by dilution of Analytical Grade 37% HCl with distilled water. Inhibitors corrosion (Table 1) were added at their powder form to acid solution in the range of 100-300 ppm concentrations.
The potentiodynamic polarization curves were recorded by scanning the electrode equilibrium potential automatically from Ecorr to the negative values and from Ecorr to the positive values by using a potentiostat / Galvanostat PGZ 100 with scan rate equal 1 mV/S after 0.5 h of immersion in order to reach the state of equilibrium. The temperature of the solution was 298 K. The electrochemical cell used had three electrodes. The reference electrode was a saturated calomel electrode (SCE). A platinum electrode was used as an auxiliary electrode. The working electrode was mild steel. The electrochemical impedance spectroscopy was performed using a transfer function of the analyzer (VoltaLab PGZ100), with a low signal amplitude (10 mV rms), over a frequency range from 100 KHz to 100 MHz with ten points per decade. The SIE diagrams were carried out in the representation of Nyquist. The results were then analyzed via an equivalent electrical circuit using the Brockamp program 23 .
The inhibition efficiency from the SIE is also calculated using the following equation:
Where Rct 0 and Rct are the values of the charge transfer resistance in the absence and the presence of the inhibitor, respectively.
Results and Discussion
Electrochemical Impedance Spectroscopy
The corrosion study of mild steel in 1M HCl solution with and without inhibitor was investigated by electrochemical impedance spectroscopy. The Nyquist representations of the behavior of mild steel in 1M HCl with the addition of the various concentrations of S1 are presented in Figure 2 .
From this Figure, all concentration of S1 does not have perfect semicircles due to the frequency dispersion. The loop diameter increased when the inhibitor concentration increase. The size of the highest loop is attributed to the adsorption of the inhibitor molecule 24 . Figure 2 . Nyquist diagrams obtained for mild steel in 1M HCl that contain the different S1 concentrations after 30 min of immersion. From Table 3 , the values of Rt become more extensive with the decrease of the concentration of S1 and which holds a higher value at150 ppm, which means a reduction in the rate of corrosion. The inhibitory efficacy E (%), of this inhibitor, evolves in the same way as Rt and achieves a better inhibitory efficiency is 79 %.
The addition of the glass S1 decreases the value of the double-layer capacitance Cdl and passes from 284 µF.cm -2 for the white to 124 µF.cm -2 . The decrease of the Cdl value can be attributed to the adsorption of the ions composition of the inhibitor on the surface of the steel [25] [26] [27] , in fact, more inhibitor adsorbs, the thickness of the film of the inhibitor increases and the double layer capacity decreases.
Polarization curves
The cathodic and anodic polarization curves of the working electrode in 1M HCl in the absence and presence of various concentrations of S1 after prepolarization of the mild steel at its Ecorr for 30 minutes are presented in Figure 3 . The different electrochemical parameters extracted from these polarization curves, the corrosion current density (icorr), the corrosion potential (Ecorr), the cathodic Tafel slope (βc) are associated in Table 4 . Also, the cathodic Tafel slopes (βc) calculated from Figure 3 is unchanged when the concentration of inhibitor increase. This observation shows that the activation controls hydrogen evolution, and the presence of inhibitor does not change the mechanism of the cathodic evolution reaction [28] [29] . From Table 4 , the inhibition efficiency increased with decreasing the concentration of S1 and this inhibitor affect the cathodic and anodic inhibition through adsorption on the working electrode surface by blockage of the active sites 30 . The corrosion potential Change slightly. According to Riggs et al. 31 if the displacement in the potential of corrosion (i) is >85mV, the inhibitor acts as a cathodic or anodic type, (ii) if the displacement is <85, the inhibitor acts as mixed type. Effectively in our case, the displacement is lower than 85, which can have classified our inhibitor S1 as a mixed type. Table 4 shows that the inhibition efficiency E% increases when the concentration of the S1 decrease also icorr decreases with when the concentration of S1 decrease. The higher inhibition efficiency is 79.5 %, and it obtained at 150 ppm of S1 in 1M HCl.
Effect of temperature
Potentiodynamic polarization measurements
The influence of temperature on the inhibition of inhibitors, particularly the acidic environment, has been the subject of several articles; During pickling and descaling at high temperature, and in order to get rid of the corrosion products on the metallic installations, the inhibitors have the role of protecting the latter against acid attacks. Figures 4 and 5 show the polarization curves in 1M HCl in the absence and the presence of S1 for the concentration of 150 ppm. The choice of concentration 150 ppm is justified by the fact that at this concentration, the value of the efficiency is maximum. From Table 6 , the S1 inhibitor efficiencies are depended on the temperature. Also, the inhibitor efficiencies decrease with temperature; this observation can be attributed to the specific interaction between the Fe substrate surface and the inhibitor 32 .
Thermodynamic part
For more details on the corrosion process, activation kinetic parameters such as activation energy (Ea), enthalpy (ΔH*) and entropy ΔS*) were evaluated according to the Arrhenius law and the alternative formula of the following Arrhenius equation 33 :
Where: Ea: activation energy, K: pre-exponential factor, R: the universal gas constant T: the absolute temperature presented in K Figure 6 . Arrhenius strains calculated from icorr of the working electrode in 1M hydrochloric acid and for 150 ppm of S1.
The linear regression coefficients are close to the unit, indicating that the mild steel corrosion in HCl 1M can be calculated by using the Arrhenius model. From Table 7 , the Ea of 150 ppm of S1 was higher than that of Blank solution. This increasing in Ea can interpret as physical adsorption. Effectively, a higher energy barrier for the corrosion process in the solution containing the inhibitor is involved with physical adsorption or weak chemical bonding between the compound molecule and the substrate surface 34 . Szauer et al. demonstrate that the higher value of Ea can be explained to a decrease in the adsorption processes of the inhibitor (glass) on the substrate surface when the temperature increase 35 .
The formula of the Arrhenius equation allows the determination of enthalpy and entropy according to the next equation: Figure 7 illustrates the variation of ln icorr / T as a function of the inverse of the temperature for the acid solution and the concentration of 150 ppm of S1. The straight lines obtained have a slope equal to (-ΔH * / R) and an ordinate at the origin equal to (ln (R / Nh) + ΔS * / R). ΔH * and ΔS *. The values of enthalpies ΔH * and entropies and ΔS * are given in Table 7 .
From Table 7 , the ΔHa* values for dissolution reaction of mild steel in 1.0 M HCl in the presence of 150 ppm of S1 is higher than the blank solution (28 kJ mol -1 ). The positive signs of ΔHa* values reflect the endothermic nature of the Fe substrate dissolution mechanism; this dissolution is slow 36 . Also, the values of Ea is higher than the s value of ΔHa* indicating that the corrosion must be associated to a gaseous reaction, the hydrogen evolution reaction, involved with a decrease in the total reaction volume 37 .
Also, the Table 7 shows that the ΔS* value increase in the presence of inhibitor compared to the uninhibited solution, which means an increase in disorder occurs during the transition from reactant to the activated complex during the corrosion mechanism [38] [39] . Figure 7 . Transition Arrhenius plots for mild steel in 1M hydrochloric solution in the absence and the presence of 150 ppm of S1. 
Effect of Bore content in the glass
The corrosion behavior of mild steel in 1M of hydrochloric solution for different compositions of glasses in the system (0.95-x) Bi2O3-x B2O3-0.05at 150 ppm, was investigated using EIS method at 25°C after 0.5 h of immersion at corrosion potential (Fig. 8 ). The effect of bore (B) and bismuth (Bi) on the corrosion resistance of mild steel in 1 M HCl solution was investigated. in other studies, the presence of both increase the resistance of transfer of charge Rct according to 40 .in this study we are increasing the concentration of bore and bismuth comparing with former study, moreover the percentage of Ta and Nb are also increasing in these glasses systems.
It is noticed from these plots presented in Figure 8 that the impedance of mild steel in uninhibited solution (Blank solution) has changed after the addition of each inhibitor. The higher is obtained when the glass contains a high content of B2O3. The electrochemical parameters and the inhibition efficiencies values are regrouped in Table 8 for all percentage of B2O3, the addition of glasses in the blank solution the charge transfer resistance increase. This change can be attributed to the decrease in the local dielectric constant, and an increase in the thickness of the electrical double layer suggests that the glasses molecules by adsorption at the metal/solution interface 41 . Bi2O3-x B2O3-0.10-(Ta2O5-Nb2O5) at corrosion potential (x varied from 0.3% to 0.5%). Table 8 . Electrochemical parameters obtained from the Nyquist plots representation for mild steel in 1M HCl containing 150 ppm of (0.90-x) Bi2O3-x B2O3-0.10-(Ta2O5-Nb2O5). glass system (x varied from 0.3% to 0.5%). The inhibition efficiency increases with B2O3content and reaching a higher value at 50% of B2O3. The adsorption of these products on mild steel displaces the water molecule and other ions already adsorbed 42 .
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Conclusion
The glasses (0.90-x) Bi2O3-x B2O3-0.10(Ta2O5-Nb2O5) system were prepared and then characterized by X-ray diffraction; this allowed the delimitation of the vitreous zone. The inhibition of the mild steel corrosion in 1M HCl acid medium by this system was studied by polarization curve and electrochemical impedance spectroscopy. The obtained results showed a significant decrease in the corrosion current and an increase in charge transfer resistance when the compounds were added to the corrosive solution. This inhibition depends on the composition of the vitreous phase. The inhibitory efficiency reaches 79% at a concentration of 150 ppm for the S1 additive. The system acts primarily as a cathodic inhibitor by forming a stable film on the steel surface. The thermodynamic study showed that this film was formed by physisorption. Moreover, the inhibition efficiency increases with B2O3content, reaching a maximum value at 50% of B2O3 in our case is the inhibitor S5. 
